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between ove rhau Is”. otic Bus Line Company, Cincinnati, Ohio 


For engine lubrication on both its urban and 
intercity buses, Ohio Bus Line Company uses 
Texaco D 303 Motor Oil HD. “We've found 
it keeps our engines consistently and exception- 
ally clean,” they report. “We're getting extra 
mileage between overhauls, re-ring jobs are 
infrequent and parts replacements virtually nil.” 

Texaco D 303 Motor Oil HD—fully detergent 
and dispersive—is especially refined for heavy 
duty service in gasoline and diesel engines. Be- 
cause it cleans as it lubricates, rings stay free and 
valves seat properly for full compression and 
complete combustion. You get more power with 
less fuel over longer periods between overhauls. 

For chassis lubrication, Texaco Marfak gives 
longer lasting protection against wear and rust. 





For wheel bearings, Texaco Marfak Heavy Duty 
assures longer bearing life without seasonal 
change. And for those who want a multi-purpose 
grease, lithium-base Texaco Marfak Heavy Duty 
Special 2 handles chassis, wheel bearings, water 
pumps and other parts. 

For gears, Texaco Universal Gear Lubricant EP 
offers smoother operation and longer gear life. 

A Texaco Lubrication Engineer will gladly 
explain how effective lubrication can help you 
increase operating efficiency and reduce costs. 
Just call the nearest of the more than 2,000 Texaco 
Distributing Plants in the 48 States, or write: 


The Texas Company, 135 East 42nd Street, 
New York 17, N. Y. 


TEXACO Lubricants and Fuels 
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LPG-Engine Fuel and Lubricant Requirements 


ATURAL gases and light petroleum hydro- 
N carbons have been used for powering en- 
gines for a number of years. Both diesel 
and gasoline engines have been converted to this 


this article, most of the information presented is 
applicable. These latter engines are omitted since 
they are not always operated On automotive type 


of LPG. 





type of fuel powering. In the 
automotive field, engine con- 
versions were reported more 
than twenty-five years ago. 
However, in the last five years 
a large increase in use of 
LPG has occurred, which in 
turn has created a wide interest 
in this subject. The interest 
was undoubtedly spurred by a 
bus manufacturer (Fig. 1) 
whose engine was designed for 
high compression ratios and 
was easily modified to utilize 
LPG. The interest and use of 
LPG powered engines has also 
grown in farm tractor (Fig. 2), 
road truck (Fig. 3), and re- 
cently in industrial truck serv- 
ices. (Fig. 4). Many factory 














LPG is not new. The lighter hydro- 
carbons that are normally gases at 
atmospheric pressure and above 
freezing temperatures have been 
used for years as sources of heat 
— even in internal combustion 
engines. Although commercial 
butane and commercial propane 
used in automotive engines are 
considered to be similar to gaso- 
line except for methods of 
handling, a review of their 
characteristics reveals enough dif- 
ferences to warrant engine modi- 
fications to utilize the fuel best. 
These characteristics and _ their 
effect on engine performance are 
discussed. A review of engine fac- 
tors and actual test results indi- 
cates that consideration should be 
given to the motor oil used on 
LPG engines. Motor oil recom- 
mendations are included. 




















The purpose of this article 
is to present information on 
the composition, characteristics 
and specifications of automotive 
type LPG and engine modifi- 
cations and engine lubrication 
requirements when using LPG 
as the fuel. 

An article of this nature may 
indicate more advantages than 
disadvantages for the use of 
LPG. However, it must be re- 
membered that the most suit- 
able fuel for one operation is 
not necesarily the best selection 
for another. The choice of the 
type of fuel powering to be 
used must be made on the basis 
of a complete analysis of the 
particular operation. Many fac- 


built LPG engines are now available and conversion 
kits can be obtained for practically all makes of 
automotive engines. Extensive use of LPG also 
exists in stationary (Fig. 5) and industrial appli- 
cations. Although these engines are not covered by 


tors are involved such as, type of equipment in use 
and its expected life, overhaul and service facilities 
available, type of operation, initial costs, costs of 
replacements and parts, availability and cost of fuel, 
and local or area restrictions and regulations. The 
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Courtesy Twin Coach Compan) 


Figure 1 — Transit Type Bus LPG Engine Installation. 


Courtesy Kenworth Motor Truck Co 








Courtesy Mack Trucks, In 





Courtesy Massey-Harris-Ferguson, In 





Courtesy J. 1. Case Company Courtesy Century Gas Equipment Co. 


Figure 2 — Farm Tractors LPG Powered. Figure 3 — Truck LPG Engines. 
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Courtesy Beam Products Manufacturing ( 


Figure 4 — Industrial Truck LPG Engine Installation. 


sclection of equipment requires considerable dis- 
cussion far beyond the scope of this article. 

At present, the majority of automotive equip- 
ment is gasoline powered, with an increasingly 
small percentage using LPG, while diesel powering 
is a distant second to gasoline. 

The LPG engine is considered to be in the gaso- 
line engine category since it operates in the same 
manner, although the fuel is handled differently. 
Also, the engine should be modified to obtain the 
best performance and utilization of LPG. These 
modifications will be covered in the subsequent 
discussion on LPG characteristics. In some cases 
engines may be converted at low cost so that the 
operator can derive some particular benefits of LPG 
without extensive penalties. (Fig. 6) 

WHAT IS LPG 

LPG — Liquetied Petroleum Gas — is comprised 
of the Cy (4 Carbon atoms per molecule) or lighter 
hydrocarbons that assume a gaseous state at standard 
atmospheric pressure and above freezing temper- 
atures. Commercial LPG for automotive use is 
primarily a mixture of either propane and_ or pro- 
pylene and butane and/or butylene with minor 
amounts of the other gases and perhaps very small 
amounts of heavier C; hydrocarbons. 

When these gases are pressurized, they assume 
a liquid state which is more suitable and economical 
tor handling. The amount of pressurization for 
liquefication varies with the composition of LPG. 
These gases as obtained in a natural state and 
from petroleum refining processes may contain 
impurities, such as sulfur compounds and other 
contaminants which may be injurious to engine 
parts. The engine operator should have some assur- 
ance that these contaminants are minimized. This 
tactor has been considered in the specifications for 
commercial LPG fuels, as shown in Table I. These 


specifications also consider the factor of constant 
composition of the fuel since each fuel component 
has somewhat different characteristics, as may be 
noted in Table II wherein a comparison of the LPG 
components, motor gasoline and diesel fuel is made 
Characteristics That Affect Engine Factors 

LPG has different characteristics than either 
motor gasoline or diesel fuel as shown in Table II. 
For simplicity, all of the possible components of 
LPG were not included since their characteristics 
fall in the range of those of butane and propane. 
Since LPG is most similar to motor gasoline in 
application, a best comparison may be made between 
these two fuels. 

LPG boils far below room temperature and is 
liquid at room temperature only when under pres- 
sure. Propane has a boiling point of --44°F., while 
butane boils at 31°F. At 100°F. an absolute pres- 
sure of 185 psi* and 53 psi respectively is required 


® psi—-pounds per square inch 





Courtesy Minneapolis-Moline Co 





Courtesy Marvel-Schebler Products Dit 


Figure 5 — Industrial, Stationary LPG Engines. 
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TABLE I 


Liquefied Petroleum Gases, Specification 
Based on N. G. A. A. Specifications June, 1951 


Commercial Propane 


Commercial Butane Propane-Butane Mixtures 





95% minimum propane 
and/or propylene free 
from harmful quanti- 
ties of deleterious sub- 
stances. 


Composition 


Vapor Pressure, 


psi @ 100°F, 215 max. 


Total Sulfur, (lamp) 
grains/100 cu. ft. 

H.S (Hydrogen 
Sulfide) 


LS niax. 


None 


Corrosion, Copper 
Strip 3 Hours @ 
122°F. 

Water, % (Cobalt 
Bromide) 


Negative 


None 


95% Boiling Point 
(95% Evapo- 
rated) F. @ 740 
mm Hg barometer -- 


Designation — 


Residue, % 
(Mercury Freeze 
Test) 2 max. 


Approximately 95% 
minimum butane and /or 
butylenes free from dele- 
terious substances. 


Mixtures of propane and /or 
propylene and butane and 
or butylene predominantly 
free from deleterious sub- 
stances, 


70 max. 215 max. 
15--max. 1 ‘max: 
None None 
Negative Negative 
None None 
34 max. 34 max. 


— By vapor pressure at 100°F. 
in psi gage. (Within +0 
Ibs. —5 Ibs. of vapor pres- 
sure specified) 








to keep these hydrocarbons in a liquid state. A 
pressure-temperature chart for different blends of 
these two fuels is shown as Fig. 7. Motor gasoline 
boils in the range of 90°F. to 420°F. and is a liquid 
at standard atmospheric pressure. 

An operating problem due to fuel composition 
can occur when a primarily butane fuel is used at 
temperatures below 32°F. Since butane is in a 
liquid state at these temperatures, the fuel will not 
vaporize quickly enough to respond to engine 
demands. Heating the fuel would appear to be a 
solution to the problem; however, due to the possi- 
ble hazards of heating LPG, it is not permitted in 
automotive service. A more practical solution is to 
include lighter hydrocarbons, such as propane, in 
the fuel to lower the boiling point and to increase 
vaporization of the fuel. 


Automotive LPG Fuel System 


Since LPG is in a gaseous state at standard atmos- 
pheric pressure and temperatures above 32°F., some 
means must be provided for getting the fuel from 
its pressurized liquid state in the fuel tank to 
slightly below atmospheric pressure in the manifold 
of the engine. 

A typical automotive vehicle LPG fuel system 
compared to a gasoline system is shown as Fig. 8. 
Fig. 9 shows a schematic drawing of an LPG instal- 
lation. The transfer of the fuel from the tank to a 
small engine can be done by taking vapors directly 
from the fuel tank to the carburetor; however, this 
method has limitations. The method usually used 
consists of four stages. A tank pressure of 20 to 
200 psi gage must first be reduced to a regulated 
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Typical Characteristics of Automotive Fuels 





TABLE II 


























Jame — __ Propane Butane Motor Gasoline Kerosine Diesel Fuel 
Gravity °API 147 111 60 42 35 
Boiling Point °F. —44 31 90-420 300-500 350-675 
Vapor Pressure (a 100°F. 185 53 6-15 Less than Less than 
psi abs. (Reid) 1.0 (Reid) 1.0 (Reid) 
Specific Gravity 60/60 °F, 0.508 0.584 0.74 0.82 0.85 
Specific Weight @ 60°F. 
lb. /gal. 1.23 4.86 6.16 6.79 7.08 
Lower Heating Value 
BTU /Ib. 19.670 19,470 18,900 18,560 18,390 
BTU /gal. 83,340 94,670 116,400 126,200 130,300 
Octane No. 
Research 100 + 1.9 94 85-100 + - ~ 
ml-tel 
Motor 97 90 75-95 — — 
Stiochiometric Air Fuel Ratio tS. 21 ESS21 [a7 — . 
fx] 
Oo 
= 
Oo 
Ki 
ep) 
a, 
fx 
[a= 
= 
isp] 
Y 
2 
-50-40-30-20-10 0 +10 20 30 40 50 60 70 80 90 100 
TEMPERATURE °F. 











Figure 6 — LPG Conversion Kit for Farm Tractor 
(less tank and tubing). 


Courtesy Zenith Carburetor Division 


Figure 7 — Butane-Propane Vapor Pressure Chart. 
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Courtesy Zenith Carburetor Division 


Figure 8 — Comparison of LPG and Motor Gasoline Fuel Systems. 
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Figure 9 — Schematic Drawing of LPG Fuel System Installation. Courtesy American Liquid Gas Corp. 
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Courtesy Century Gas Equipment Co 
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Figure 10 — LPG Fuel Systems. 


5 to 15 psi gage. The fuel is then allowed to 
vaporize rapidly. In expanding and vaporizing 
rapidly, the fuel absorbs large quantities of heat, 
thereby causing a refrigerating effect which can 
freeze the mechanisms involved. To overcome this 
refrigerating effect, the vaporizer must be heated. 
This is accomplished by means of a heat exchanger 
utilizing the engine coolant. To assure sufficient 
heat for the vaporizer, high engine coolant tempera- 
tures (160-180°F.) should be maintained. The 
regulator consisting of two valves and a_ heat 
exchanger is sometimes considered to be a part of 
the LPG carburetion system. The final regulator 
reduces the pressure of the vaporized gas to slightly 
below atmospheric pressure. This regulator must 
shut off fuel before it reaches atmospheric pressure 
to prevent leakage and must be designed to permit 
vaporized gas to flow instantly to the carburetor 


in metered volumes to conform to every engine 
demand. The remainder of the system is a simple 
carburetor containing a venturi to meter the fuel to 
the engine proportional to air flow, an economizer 
to lean out air-fuel ratios at part throttle, and a 
starting device the equivalent of a choke in a motor 
gasoline carburetor. It is quite obvious that some 
of these four stages may be combined so that more 
than one step is accomplished in one piece of mech- 
anism. Typical LPG fuel systems and component 
parts are shown as Fig. 10 through Fig. 13. 

Since the fuel system can encounter high pres- 
sures, fuel tanks and fuel lines must be made espe- 
cially for LPG. If definite codes are not established 
in any particular area, fuel tanks, lines, valves and 
accessories should be built in accordance with the 
API-ASME Code for 250 Ibs. tanks. For more 
specific information on this subject the reader may 
refer to the National Board of Fire Underwriters 
pamphlet No. 58 which covers storage and han- 
dling of LPG. 

LPG tanks should never be filled 100%. A 10%, 
or preferrably 209%, vapor space must be allowed 
for expansion of the fuel with temperature in- 
creases. The 20% vapor space is a definite require- 
ment if temperature variations may approach a 
100°F. spread. Some manufacturers include a “full 
valve’ to indicate when the expansion space has 
been reached in filling. When filling this type of 
tank, vapor is allowed to escape through the "full 
valve.” When liquid fuel starts to drain, filling 
should be stopped as the expansion space has been 
reached. Another manufacturer includes an inner 
tank, called an outage tank, with the fill valve 
arranged to seal off this expansion space during 
tank filling. Some tank arrangements and control 
valves are shown as Fig. 14 through 16. 


> Standards of the National Board of Fire Underwriters tor th« 
Storage and Handling of Liqueticd Petroleum Gases as recom 
mended by the National Fire Protection Association. 85 John Street 
New York 38, N. Y.; 222 West Adams Street, Chicago 6, Ill. ; 465 
Calitornia Street, San Francisco 4, Calif. 
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Courtesy American Liquid Gas Corp. 


Figure 11 — LPG Fuel Filter. 
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Fig. 12 —LPG Regulators and Vaporizers. 
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Courtesy Century Gas Equipment Co, 
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Courtesy American Liquid Gas Corp. 


Figure 13 — LPG Carburetors. 


Special equipment is, of course, required for 
storing LPG at the refueling point and for fueling 
the vehicle tank. This high pressure pump system 
usually includes a vapor return line to minimize 
pumping costs and to eliminate fuel vapor leaks to 
the surrounding area. Precautions should be taken 
to minimize fuel leaks and to prevent accumulation 
of LPG vapor where it might be ignited accidently. 
Also, LPG vapor is heavier than gasoline vapor and 
air and tends to accumulate in unventilated low 
areas. This is a dangerous condition even though 
the flammability of LPG is narrower than that of 
motor gasoline. Some precautions in the handling of 
LPG equipment are shown as Table III. 


Engine Performance 
The intake manifold of an LPG engine contains 


a mixture of LPG vapor and air, while that of a 
gasoline engine contains air, gasoline vapor, gaso- 


line mist and liquid gasoline. The LPG vapor nec- 
essary to charge a single cylinder for one power 
stroke occupies considerably more space than gaso- 
line for one power stroke. The area of the intake 
ports of an engine determines the volume of fuel- 
air mixture it can handle, so that the greater 
volume of the gaseous LPG reduces the amount of 
air the engine can take per stroke, as compared to 
gasoline. Fig. 17 shows the volumetric etficiency* 
of an engine on both LPG and gasoline showing 
the reduction in air handling capacity when using 
LPG as the fuel. Since engine power is proportional 
to air consumption, a given size LPG engine 
produces less power than when using gasoline in 


© Weight of air actually taken in x 100 


Weight of air required to till cylinder to atmospheric pressure 





Courtesy Pressed Steel Tank Co. 





Courtesy North Texas Tank Co. 
Figure 14 — LPG Tanks. 
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Courtesy Pressed Steel Tank Co 
Figure 15 — LPG Tank Fittings. 


A second method of regaining power lost by 
inducting gaseous LPG instead of gasoline liquid 
and vapor into the cylinders is to use a higher com- 
pression ratio with LPG (assuming the engine is 
of the type satisfied by lower octane motor gaso- 
lines). Some commercial propane engines use com- 
pression ratios in the neighborhood of 10:1. 


The compression ratio of a gasoline engine may 
be raised by planing the cylinder head or by means 
of special pistons or cylinder heads. Care should 
be exercised to assure that pistons and valves do 
not interfere when compression ratios are increased. 
Many existing gasoline engines cannot be increased 
easily more than one compression ratio. It is strong) 
stressed that, before an attempt is made to increase 
the compression ratio of an engine more than one 
compression ratio, the engine manufacturer should 
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y 
TABLE III 
d 
Safety Precautions 
1. Operate engine in well ventilated areas. 9. Never use LPG for cleaning parts, blowing . 
- colin . , horns, inflating tires, cleaning out cab and 
2. Engine and fuel system repair work should be ie “f . 
ge re other uses not intended for LPG and where 
done in well ventilated area to avoid low : : tc 
, there is no control of the fuel. | 
pockets such as unventilated pits. : ; : Si 
. 10. After repairs check for leaks — smell or soapy a 
3. Don’t store vehicles over unventilated pits water, NEVER A FLAME. - 
: al 
garaging). , : 
garaging) 11. If possible use a vapor return line when fl 
i. Shut off fuel tank valve and run engine out of refueling. 
fuel before doing engine work. 12. Do not replace high pressure fittings with IC 
7 . ; . ‘Oo Sress Dp S. br 
5. Avoid open flames near repair work, use dan- other than high pressure parts i 
ger signs and prohibit smoking in area. 13. Fuel system should have a safety shut off con- ee 
: — trolled by engine ignition switch. 
6. Ventilate engine compartment after servicing. . : eee fu 
l4. Have CO, or dry powder fire extinguisher m 
7. On accident vehicles, check for leaks before available. CC 
inside storage. 15. Never vent fuel system in an enclosed area. m 
8. Work on fuel tank should be done by spe- 16. Drain the fuel system prior to storing vehicles B 
cialized people. for extended periods. 
ef 
fr 
the same engine, providing other conditions are fu 
TYPICAL ARRANGEMENTS OF FITTINGS constant. ol 
UPPER QUARTER SHELL MOUNTED To combat this deficiency, LPG engines should 7 
be designed with intake and exhaust manifolds “ 
eee. * : “ P 
< occa, well separated to keep the incoming air as cool as Y 
CS whitQxc @y possible, thus maintaining high charge density. In , 
© . converting gasoline engines to LPG operation, man- 
{ ifold “hot spots’’ used to aid in vaporizing liquid : 
‘ 2 ; 4 : pee re 
ately aiken i, wae eam see ce gasoline must be inactivated as far as possible. The - 
GAUGE RELIEF VALVE RETURN LIQUID VAPOR LIQUID 2 ine va ve > . my 73 ¥ or 
mca a oo ao oe engine used to develop the data shown in Fig. | 
GAUGE VALVE VALVE had the intake and exhaust manifolds separated by 
' : He i — sp 
a steel plate at the location of the “hot spot’’ during | 
. . - . m 
Courtesy Ensign Carburetor Co. Lee operation. \ 
ee 
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e consulted in regards to the advisability of the 
sroposed modification, since higher compression 
atios will increase the stressing of engine parts. 

Fig. 18 shows the torque output of an engine on 
notor gasoline at 6.6:1 and 7.1:1 compression ratio 
and with two different LPG carburetor systems at 
’.1:1 compression ratio. It may be noted that the 
torque was greater with gasoline at 6.6:1 compres- 
sion ratio than with LPG at 7.1:1 compression 
ratio. The lowest torque was attained with gasoline 
and an economy type carburetor which restricted air 
flow to the engine through a smaller size venturi. 

Fig. 19 compares brake specific fuel consumption 
for the engine performance noted above. While the 
brake specific fuel consumption of this converted 
engine using LPG was in the range of the gasoline 
version, both were inferior to the brake specific 
fuel consumption (also shown in Fig. 19) of a com- 
mercial engine designed for LPG having a 10:1 
compression ratio and with the intake and exhaust 
manifolds well separated. 


Burning Rate 

Because LPG has burning characteristics differ- 
ent from gasoline, it requires different spark timing 
from gasoline for best performance. Fig. 20 shows 
full throttle torque of the converted engine at vari- 
ous engine speeds and static spark settings using 
the engine’s standard gasoline distributor and LPG 
fuel. A line is also plotted showing maximum 
power static spark settings with a gasoline distrib- 
utor while using motor gasoline. It may be noted 
that best power using LPG fuel was at a more 
advanced spark setting at low speeds and a more 
retarded spark setting at high speeds than with 
gasoline. 

Fig. 21 shows actual spark timing over the engine 
speed range with an LPG distributor on a com- 
mercial engine as compared to specifications for the 
distributor for the gasoline version of this engine. 











TABLE IV 
Ignition Temperatures °F.* 
Atmospheric 

Pressure 


Hydrocarbon 200 psi abs 





Propane 950-1080 700 
Butane 890-1020 670 
Gasoline 860 560 


(Regular Grade) 








* Butane-Propane Power Manual 


The LPG distributor furnished more spark advance 
at low speeds and less at high speeds than the 
gasoline distributor, indicating a characteristic sim- 
ilar to that noted in Fig. 20. 

During the course of LPG testing in a converted 
gasoline engine, more exhaust valve and spark plug 
burning was noted when using LPG compared to 
gasoline as the fuel. Special valves and spark plugs 
would of course be required to eliminate or reduce 
these burning difficulties in an LPG powered en- 
gine. Also LPG has a higher ignition temperature 
than motor gasoline, as noted in Table IV; there- 
fore, a hotter spark is required. 

Hotter combustion temperatures with LPG re- 
quire the use of a colder spark plug, better valve 
material and improved valve condition. 

Density 

Although propane and butane have higher heat- 
ing values per pound of fuel than motor gasoline, 
gasoline has more pounds per gallon or is denser 
than LPG. At the same compression ratio in a 
given engine at optimum conditions for each fuel, 
it might be expected that for the same power more 
motor gasoline than LPG is required on a weight 
(pound) basis. However, since slightly different 
air-fuel ratios are required and a difference in air 
volumetric efficiency exists, power per pound of 
fuel is approximately equivalent for these fuels. On 
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Figure 16 — LPG Tank Controls. 
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Figure 17 — Volumetric Efficiencies vs. Speed. 
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Figure 19 — Brake Specific Fuel Consumption vs. Speed. 


the basis of power per gallon of fuel, motor gaso- 
line would show an economy advantage of possibly 
25% depending on the composition of the LPG. 
In service, fuel consumption is usually measured on 
a miles per gallon basis and therefore gasoline 
would show an economy advantage in a given 
engine. 

Utilizing the higher octane rating of LPG by 
use of a higher compression ratio to obtain more 
power per pound of fuel makes it possible to im- 
prove LPG economy, so that on a miles per gallon 
basis it is about equivalent to that of motor gasoline. 
As the octane of motor gasoline approaches that of 
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BASIC SPARK SETTING - *BTC 
Figure 20 — Full Throttle Torque vs. Spark Setting at Various 
Engine Speeds. 


LPG, this compensating modification decreases. 

Some fuel consumption data are shown in Tabie 
V. It may be noted that for the converted gasoline 
engine LPG fuel consumption on a pound and 
gallon basis was higher than either motor gasoline 
in the same engine or typical gasoline and diesel 
fuel consumption rates. Maximum utilization of the 
LPG was not being obtained in the converted 
engine. This justifies claims of engine manufac- 
turers who advise against conversion of existing 
engines if best performance is desired. 

By using a high compression ratio and proper 
manifolding, the commercial LPG engine showed 
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TABLE V 


Fuel Consumption Comparison 












































Fuel Economy 
; ; Brake Specific Over-All Fuel Density 
[ype Fuel Engine Size lb/BHP—Hr Gal/BHP—Hr lb/Gal 
Diesel Less than 4 inch bore* <0.51 0.073 7a 
More than 4 inch bore* 0.45 0.064 7.1 
Gasoline Less than 4 inch bore* <0).57 0.093 6.2 
More than 4 inch bore* >0.56 0.091 6.2 
Test engine 
314 inch bore 
6.6:1 C.R. 0.54 0.088 6.2 
7a Se 0.53 0.086 6.2 
LPG Test engine 
314 inch bore 
778 Gm 0.608 0.124-0.143 4.2 
Commercial engine 
41/, inch bore 
10.0:1 CLR. 0.395 0.093 1.2 
Kent's Handbook 
C.R.—Compression Ratio 
t 
24 
pene OBSERVED DATA 
DIRECT TORQUE CONVERTER 
LOAD _DRIVE DRIVE 
None x 
20). 1/3 o or 
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Fig. 21 — Spark Timing Over Engine Speed Range. 
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TABLE VI 
Fuel Consumption Comparison 
Minneapolis-Moline Model 283 Engine 
Fuel Compression Gallons of Fuel Per 100 HP-Hrs at Throttle Setting 
Powering Ratio OP Max. Rated 3%, ; i > V4, 
UO 
Propane 7.9:1 9.6 9.9 10.4 5 14.0 ! 
Butane 79:1 8.5 8.8 9.5 11.0 13.2 t 
Propane 6.3:1 10.8 11.0 11.8 13.2 16.8 t 
0 
Butane 6.3:1 9.9 10.4 10.4 11.6 14.9 
} 
Gasoline 6.3:1 8.1 8.2 8.9 10.5 12.8 4 
Ww 
Courtesy Minneapolis-Moline Co 
S| 
low brake specific fuel consumption — even lower _ result if other engine conditions are reasonably I 
than that indicated for a typical diesel engine. On correct. Also, if some incomplete burning is experi- p 
a volume (gallons) basis, consumption was equiva- — enced, the unburned fuel and combustion products L 
lent to that of a typical gasoline engine but greater being in a gaseous state (with proper engine coolant el 
than that of a typical diesel engine. temperatures) should be exhausted from the en- cl 
Tables VI and VII and Fig. 22 show fuel con- gine. Under these conditions it seems that there d 
sumption comparisons on commercially available should be no engine deposits from the fuel, no 
equipment. It may be noted that the results confirm cylinder washing as experienced with gasoline and st 
the discussion above on fuel economy. diesel fuel and no crankcase lubricant contamina- g 
—_— . tion. It is obviously easy to assume that under these tc 
LPG ENGINE LUBRICANT ever orbetiniiniver Bent ae 
‘ Ritts conditions a straight mineral oil should be adequate CC 
REQUIREMENTS for the engine and/or oil drain periods can be rc 
Since LPG is a gas at the engine carburetor, it either extended or eliminated. A closer look at the p 
would be expected that adequate mixing with en- factors of an operating engine and some actual H 
gine intake air should occur, and if the mixture is engine test data will show this assumption to be 
properly proportioned, complete combustion should — wrong. 
: b 
be 
= CC 
TABLE VII ‘ 
. : : : 01 
Fuel Consumption Comparison si 
John Deere Tractors fit 
0 
Max: Power Compression Fuel Consumption - yr 
Fuel Belt HP Ratio Lbs/BHP Hr Gal/Ht 
Model 50 in 
Gasoline 30.97 $1871 0.52 2A pt 
All Fuel 23.7) = 0.60 pe en 
LPG 32.29 8.0:1 0.47 3.3 . 
Model 160 ma 
Gasoline 11.57 §.8:1 0.54 3.4 as 
All Fuel 33.26 0.61 2.8 Ww 
LPG {2.24 7.3:1 0.46 4.3 th 
u 
Model a 
Gasoline 50.35 a ES 0.51 3.9 ni 
All Fuel 14.96 4.5:1 0.60 3.6 c 
LPG $1.97 7a0 0.44 5.0 os 
VI 








Courtesy Deere Manufacturing ( 
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ow Temperature Engine Operation 350 
It is well known in automotive service that under 
yw temperature engine operation, that is, stop and 
yo driving and short trips when the engine does not 300 
have an opportunity to reach prescribed operating 
temperatures, undesirable engine deposits are 
formed. It has been determined that these deposits 
originate primarily from combustion products that 
reach the crankcase. The lubricant is not exposed 


14-81 


aInowsol 


. ae . oC 
to high tempertures sufficiently to contribute to the : -_ 
formation of engine deposits, particularly, if the — &200 _ 
: oil is either a highly refined product and/or in- 
hibited against oxidation. Under this type of oper- — § 
=x 


: ation it would be expected that LPG powering 
} would not result in low temperature engine deposits. 

A full scale engine was operated following a 
standardized laboratory engine test’ that simulates 
low temperature engine service, using commercial 
propane and a highly refined straight mineral oil. 


uw 
°o 


0.60 
055 


100 


YH ~ dH@ 43d 87 
1nd 











During the test, freezing dithculties were experi- 
: enced with the fuel vaporizer. At the end of the test 
engine parts were free of significant amounts of 
. deposit. _— — — 
Under this type of operation, a well refined RPM — Gasoline 
straight mineral oil adequately lubricated the en- 
gine. However, this type of operation can not be Compression Ratio 
tolerated in LPG service since sufficient engine Engine Gasoline LPG 
; coolant heat is not available to compensate for the 1091 6.4:1 9.0:1 
: refrigerating effect in the vaporizer, resulting in 935 6.4:1 9.0:1 i 
2 poor engine power performance. 855 6.0:1 9.0:1 








High Temperature Engine Operation 
It has been well established that under high tem- ais 
perature engine conditions, heavy duty field service, 
both the fuel combustion products and the lubricant 
contribute to engine deposits and bearing corrosion 300 
when corrodible bearings are used. Naphthene base 
oils, under high temperature conditions, increase 
rapidly in viscosity and form engine deposits. Parat- 
fin base oils oxidize to form materials that are 
corrosive to engine bearings, particularly those of 
the copper-lead variety. 

Laboratory engine tests were conducted follow- 
ing a standardized procedure* which simulates some 
phases of heavy duty service, using an LPG powered 
engine. Some of the results obtained are shown in 
Table VHI. It may be noted that by using a highly 
refined paraffinic oil, engine deposits, particularly 
on pistons, and severe copper lead bearing corrosion 
were experienced. It was expected basis experience 
that with a straight mineral naphthenic base oil 
sufficient engine deposits would have been formed 
to either prevent appropriate evaluation of the 
results or to seize the engine. 

A heavy duty type oil, which was very satisfactory 
with gasoline, reduced piston deposits (which in 
= !CRC--FL-2 Procedure. 
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CRC—L-4 Procedure. Figure 22 —LPG and Gasoline Performance Curves. 
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TABLE VIII 
Copper Lead Bearing Corrosion 





(CRC-L-4 Tests) 


Commercial LPG 


Gasoline, 
L-4 Fuel 





Highly Refined MIL-O-2104 
Straight Mineral 


Oxidation Stability 





MIL-L-2104A 
Oxidation Stability 





Oil SAE 30 SAE 30 SAE 30 
Cleanliness Rating 
Piston* S82 9.5 9.0 
Overall* * 90 90 89 
Bearing Corrosion Grams/2 whole bearings 8.373 2.366 0.180 
Neutralization No. increase 5.4 3.2 2.2 
Viscosity SUS @ 210°F. increase 6.8 3 








* 10 = Completely Clean 

** 100 = Completely Clean 

the straight mineral oil test may have been due to 
both fuel and oil) but did not satisfactorily reduce 
bearing corrosion. Other heavy duty high quality 
motor oils and higher detergency level diesel en- 
gine oils have been found to be satisfactory in this 
test. It is obvious from these results that a straight 
mineral oil in LPG powered heavy duty service 
engines would not be satisfactory and some com- 
pounded oils might also be unsatisfactory. 


Crankcase Lubricant Viscosity Increase 


Normally little or no crankcase dilution is en- 
countered in LPG engines, therefore, when the 
crankcase lubricant contacts hot engine parts, the 
lighter ends of the oil evaporate. The result is an 
increase in viscosity of the crankcase oil with use. 

To maintain the crankcase oil viscosity recom- 
mended by the engine manufacturer, the above 
effect is easily counteracted by using one SAE vis- 
cosity grade lighter oil for makeup purposes. The 
same type of oil as originally charged to the crank- 
case should be used for makeup. 


Crankcase Contamination — Abrasive 

The best maintained engines accumulate abrasive 
materials such as dirt, dust and wear metals which 
oil filters do not completely remove. These contami- 
nants increase the wear rate of engine parts thereby 
shortening engine life. The best way to remove 
these undesirable materials is by changing oil peri- 
odically, preferably while the oil is hot and as soon 
as possible after the engine is shut down. 


Crankcase Oil Recommendation 


From the above data and information, it is ob- 
vious that even the highest quality straight mineral 
oils are not satisfactory for LPG powered engines 
under all conditions of operation. For best operation 
Supplement I quality oils should be used, although 


there are many applications where the lower deter- 
gency heavy duty quality oils will perform with 
complete success. There does not seem to be a need 
for higher quality level oils than Supplement I in 
automotive LPG engines 

None of the major LPG equipment manufac- 
turers are recommending straight mineral oils for 
their engines. Most recommendations are for API 
service designation MM or MS and MS or DG for 
heavy duty service. Some designate MIL-L-2104A 
quality oils. 


CONCLUSION 


Although LPG appears to be closely related to 
gasoline, its nature and characteristics are such that 
for best performance and utilization of the fuel an 
engine specifically designed for LPG should be 
used. There are many engine applications, however, 
where a properly converted engine is suthicient to 
let the operator benefit from some particular advan- 
tages of LPG. 

The continuing trend of increasing motor gaso- 
line octane value may soon minimize the octane 
advantage of LPG. 

As in other engines, LPG engines should be 
properly maintained and lubricated with suthciently 
high quality motor oils to obtain maximum engine 
life. 
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Long on 
mileage... 
short on 

costs... 


To pile up extra miles of repair-free engine 


performance between overhauls to stretch 
your fuel mileage and reduce maintenance costs 
... lubricate with Texaco D 303 Motor Oil HD. 

Texaco D 303 Motor Oil HD keeps both gaso- 
line and diesel engines clean in rugged heavy 
duty service. Its fully detergent and dispersive 
properties effectively prevent deposit build-ups. 
You're assured of free rings and valves, proper 
compression and combustion. And the extra- 
tough film of Texaco D 303 Motor Oil HD pro- 
longs parts life, reduces wear and upkeep costs. 

For chassis lubrication, use famous Texaco 
Marfak. It stays in the bearings for lasting pro- 
tection against wear and rust. Extend wheel 
bearing life with Texaco Marfak Heavy Duty. 





It seals itself in, seals out dirt and moisture, 
requires no seasonal change. And for multi- 
purpose use—in chassis, wheel bearings, water 
pumps and other grease-lubricated parts — use 
new lithium-base Texaco Marfak Heavy Duty 
Spe cial 2, 

In transmissions and differentials, use Texaco 
Universal Gear Lubricant EP for smooth, quiet 
gear operation under all service conditions. 

A Texaco Lubrication Engineer will gladly 
help you achieve greater fleet efficiency and 
economy. Just call the nearest of the more 
than 2,000 Texaco Distributing Plants in the 
48 States, or write: 

The Texas Company, 135 East 42nd Street, 
New York 17, N. Y. 


suis TEXACO Lubricants and Fuels 


THE BUS INDUSTRY 





You can 
keep costs 


LOW 


Sound maintenance procedures plus effec- 
tive lubrication—Texaco—will definitely keep 
costs low. For example— 


An operator of a 240-truck fleet (name on 
request) has been lubricating with Texaco 
D 303 Motor Oil HD since 1950. He has 
found that engines stay clean, ring life has 
been extended up to 125,000 miles, cylinder 
wear reduced to the absolute minimum. 


For engine lubrication—Texaco D 303 Motor 


Oil HD—heavy duty, fully detergent and dis- 





Highway near Vulture Mountains near Wickenburg. Arizona 


persive. It keeps engines clean. Rings stay free 
for proper compression and complete combus- 
tion, assuring less fuel consumption. Parts get 
full protection against scuffing and wear, last 
longer. Your maintenance costs come down. 

For chassis lubrication — Texaco Marfak. It 
seals itself in the bearings to give longer lasting 
protection against wear and rust. 

For wheel bearing lubrication—Texaco Marfak 
Heavy Duty. It gives extra thousands of miles of 
protection, requires no seasonal change. 

For gear lubrication—Texaco Universal Gear 
Lubricant EP. It keeps transmissions and differ- 
entials running smoothly, assures longer gear life. 

Let a Texaco Lubrication Engineer help you 
get more for your operating dollar. Just call the 
nearest of the more than 2,000 Texaco Distrib- 
uting Plants in the 48 States, or write: 

The Texas Company, 135 East 42nd Street, 
New York 17, N. Y. 


THE TEXAS COMPANY °* * * DIVISION OFFICES 


ATLANTA, GA... ..864 W. Peachtree St., N.W. 


BOSTON 16, MASS....... 20 Providence Street 
on | Bie a re P.O. Box 368 
BUTTE, MONT......... 220 North Alaska Street 
CHICAGO 4, ILL... ..332 So. Michigan Avenue 
DALLAS 2, TEX....... 311 South Akard Street 
DENVER 3, COLO.......... 1570 Grant Street 


SEATTLE 1, WASH..... 





HOUSTON 2, TEX...... 720 San Jacinto Street 
INDIANAPOLIS 1, IND., 3521 E. Michigan Street 
LOS ANGELES 15, CAL... .929 South Broadway 
MINNEAPOLIS 3, MINN....1730 Clifton Place 
NEW ORLEANS 16, LA...... 1501 Canal Street 
NEW YORK 17, N. Y.....205 East 42nd Street 
NORFOLK 2, VA... ..3300 E. Princess Anne Rd. 


....1511 Third Avenue 


Texaco Petroleum Products are manufactured and distributed in Canada by McColl-Frontenac Oil Company Limited. 
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